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U.S.«-N, 10,723^509 

Claim Amend mftwt'a 

Pioase amc^nd cla.-ims 1^ .10, IQ , and 23 as follows: 
Plec4S0 cancel ciaima 30-11 ay lollows: 
Please add new clai.ms 42-5^? as follows: 

Claims as Amended 

1 . (currently amended) A method, for forming a copper damascene 
comprising the steps of; 

providing a subsLraLo comprising a semiconducLor subsLrale; 

forming an insulator layer on the substrate; 

forming a damascene opening through a thickness portion of 
the lnsi3l.ator layer; 

liorming a diffusion barrier layer to line the damascene 
opening; 

then lontiing a first seed layer fysr^^y±ng on the diffusion 
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bcirrier; 

JLLieP. pl^^sma tx-eaLing Ihc first seed .layer i.n-53itij with a 
first treatment plasma comprising foTTned fro m plasma source gases 
3electe-id from Lhe group consisting of arqori, nitrogen, hydrogen, 
and NII3; 

tbfin forming a scocond seed layer ov^ ji rT ry^rnq on the first seed 
layfir; . 

fornaing a coppe^r layer overlying the second seed layer 
according to an clecLro-'Chemica 1 plating (ECP) x->J^^<^*^'^2=* till 
the* damascene opening; and, 

planarizing the copper layer to form a metal interconnect 
strncturtt. 

2. (original) The method of claim 1,. wherein at least one of the 
first and second seed layers forms a continuous layer over active 
areas of the substrate* 

3- (original) The method of claim 1^ wherein at least the second 
seed layer forms a continuous layer over active areas ol the 
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substrate . 

4. (original) The method of clai.m 1, wherein one of the first and 
secoTid seed layers i3 substantially nonconloriually deposited. 

5. (originai) The method ol claim 1, y/herein one of t.he first rsnd 
cecoad s^ccd layers:; ic substantially conforTnally deposited. 

6. (original,) The method of claim 1, wherein the lirst seed layer 
is deposited according to a deposition process selected from the 
group conflating of CVD, IMP, SIP, and electroless. 

7* (original) The method of claim 6, wherein the second seed 
layer is deposited according to a PVD process. 

0* (original) The method of claim 1, wherein the first seed layer 
is deposited according to a PVD process. 

9. (originsil) The method of claim 8, wherein the second sseed 
layer is deposited according to a deposition process selected 
from the group consisting of CVO, IMP, SIP, and electroless. 

10. (currently amended) The method of claim 1, further comprising 
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the step of plL=isma treaLincj the second seed layer wiLh a second 
treatment pla^jma formed trf^ from plasma source gases selected from 
the group consisting of argon^ nitrogen, and hydrogen prior to 
the rstttp of forrainq the copper layer. 

11. (oriqinai) The method ol claim 1, wherein Lhe plasma source 
gases consist essentialJ.y of plasma sourcf=^ gases selected from 
the group consisting of argon (Ar) , nitrogen {N2) , hydrogen , 
ammonia {NII3) , and a nitrogen/hydrogen (Kla/U;/) mixture. 

'\2, (original) The method of claim 1, wherein the first and 
second seed layers comprisSe a material selected from the group 
consisting of Cu, Ti/ TIN, Ta, TaN, Cr, CrN, W, and WN. 

13, (original) The method of claim 1, wherein at least one of the 
first and second seed layers is formad of copper or alloy 
Lhox^cof- 

14, (original) The method of claim 1, wherein the insulator layer 
comprisGJ3 a low-K dielectric insulator having a dielectric 

coastaiiL oi loss than about 3,0. 

15, (original) The method of claim 1, wherein the first seed 
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Iriyer is formed having a Lhickness of about 50 Anyslroins to about 
3 0 0 Aug s t r omis . 

16. (original) The method of claim 1, wherein the second seed 
layer is formed having a thickness o£ about 100 Angstroms to 
about 400 Ang.stroms. 

17. (original) The method of claim 1, wherein the diffusion 
barriur layer comprises a material selected from the group 
consisting of Ti, TiN, Ta, TaN, Cr, CrN, and WN. 

18. (currently amended) A method for forming a copper damascene 
comprising the steps of: 

providing a substrate comprising a semiconductor subsLrate 
and metal inlcrconnect structures; 

forming a low-K dielectric insulator layer on the substrates- 
forming a damascene opening through a thickness portion of 
Liio low-K dielectric insulator layer; 

forming a diffusion barrier layer to line the damascene 
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opening; 

then lorminy a firaL seed layer over the diffusion barrier 
layer; 

then pl^asmrj treating the first rseed layer with a firiil 
treaLinent plaam?a c-ompri^in-g f ormed^^^^f ^^^^ plasma scarce gases 
$5elccLed irom Lhcs group coniiisting of argon, nitrogen, hydrogen, 
and ms: 

.khoy. forming a second seed layer over on the first seed 

lay err- 
then plar-sma treating the second seed layer wiLh a second 

trealment plasma compriaing forraed from plasma source gatses 

selected from the group consisting of argon, nitrogen, hydrogen, 

and NHj; 

forming a copper layer over the second seed layer according 
to an el ectro-chemi.cal plating (fclCP) process to fill the 
daiRciscene opening; and, 

planarizing the copper layer to form a metal InLerconnect 
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sLructure, 

' 19, (original) The method of clanm 10, wheroin the Iiri.a seed 
layer is deposited according to a depouiLion process selected 
from the group consisting of CVD, IMP, SIP/ and electroless* 

20- (original) Ttie moLhod of claijp :19, wherein the isccond seed 
layer is deposited according to a PVO proccsa.. 

21. (original) The method of claiiu 18, wherein the first aced 
layer is deposited according to a Pvn process. 

22, (original). The method of claim 21, wherein the second aeed 
l^ayer i.s deposited according Lo a deposition process selected 
from the group coiiaiaLing of CVD, T.MP, SIP, and eiectroless, 

23* (currently amended) Ttie method of claim 18, wherein the 
pl-^asma— !TOuxc::t^-•1ga•^s•e■s■ first and seco nd pla sma treatments consist 
essentially of plasma source gases selected from the group 
consisting of argon (Ar), nitrogen (N^) , hydrogen (II2) # ammonia 
(NH3) , and a nitrogen/hydrogen {Np!/H2) mixture. 

24. (original) The method of claim 18, wherein the first and 
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second seed layers comprise a maLerial selected from the group 
consisting of Cu, Ti, TiN, Ta, TaN, Cr, CrN, W, and WN. 

25. (original) The melhod o£ claim in, wherein at Iccxst one of 
the firsL and second seed layers is formed oJ: copper or alloy 
thereof . 

26. (or.iqina.l) The mcLiiod of claim 18^ wherein Lhe low-K 
dielectric comprises a dielectric constant of less than about 
3.0. 

27. (original) The method of ' claim IB, wherein the first seed 
layer iis formed having a thickness of about 50 Angstroms to about 
300 Angstrom^i. 

28. (original) Ttie method of claim 18, wherein the second seed 
layer is foxw.^d having a thickness of about 100 Angstroms to 
about 4 00 Angst roms- 

29. (original) The method of claim 18, wherein the diffusion 
barrier layer comprises a material selected from the group 
consisting of Ti, TIN, Ta, TaN, Cr, CrN, W, and WN. 
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Claims 30-41 cancelled 

42. (new) The meLhod o£ claim 1, wherein boLh Lhe iirsl and 
second seed layers comprise copper. 

^13, (new) The method of claim IB, wherein both the fir^t and 
^jecond ijccd layers comxjrise coppcor. 

44, (new) The method o£ claim 1/ wherein the insulator layer 
comprises a porous low-K dielectric insulator. 

45, (new.) The meLhod ol claim 18, wherein the insulator layer 
comprises a porous low-K dielectric insulator. 

46, (new) A mcLhod Lor forming a copper damascene seed layer with 
improved seed layer step coverage to reduce void formation during 
ECP comprising the steps of: 

providing a damascene opening formed in a porous insulating 
substrate; 

forming a diffusion barrier layer to line the damascene 
open inq; 
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Lhoii loming a first seed layer on the ciillusion barrier; 

then plasma treating the first seed layer In-situ with a 
first treatment plfaama coiisisLing essentially of plasma source 
cjaseiS selected iroin the group consisting o£ argon, nitrogen, 
hydrogen^ and NH:.j; 

then forming a second seed layer on the first seed layer; 

Lhen plas^ma tr€^ating the second seed layer in-situ with a 
t^ccond treatment plasma consisting ossent.iall.y of plasma source 
gases selected from the group consisting of argon, nitrogen, 
hydrogen, and NJlj; and, 

deposit.lng a copper layer on the second seed layer according 
to BCP to fill the dcutiascene opening. 

47. (new) The method of claim 46, wherein the firsL and second 
plasma treatments consist essentially of plasma source gases 
selected from the group consisting ol argon (Ar) , nitrogen , 
hydrogen (Ih.) , ammonia (Nllj) , and a ni trogen/hydrogen (N2/H2) 
mix Lure - 
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48 • (new) The method of cJaim 46, wherein the porous insulating 
layer coTnpr.i.ses a 1 ow-K dielectric having a dielectric constant 
of less than about 3-0. 

49, (now) The mcLhod o! claira 46, wherein* the first seed layer is 

formed having a thickness of about 50 Angstroms to about 300 
Angstroms* 

bO. (new) The mcLhod oL claim 46, wherein the second seed layer 
is lormed having a thickness of about 100 Ang^stroiiiis Lo about 400 
Angstroms, 

51- (new) Ttio method ol claim 46, wherein the first and second 
seed layers are substantially oxide frco prior to deposition of 
the copper * layer . 

52. (iiGw) The method of claim 46, wherein the . first and second 
seed layers comprise copper. 
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